It is frequently a difficult task to differentiate Actinomyces bovis from "anaerobic diphtheroids" of questionable pathogenicity. Diphtheroids, isolated from normal and pathological tissues, resemble A. bovis morphologically and in some cultural characteristics. These similarities and lack of suitable criteria for their definitive identification have been responsible for the errors in separating "anaerobic diphtheroids" from A. bovis and vice versa.
Taxonomists have been divided in their opinions regarding the classification of the genus Actinomyces. Erikson (1940) and Thompson (1950) There is a limited amount of literature available on the classification of the "anaerobic diphtheroids," and many investigators note the present classification scheme is inadequate. Differences in opinion have been expressed regarding the pathogenicity of these microorganisms. Fleisher (1952) , Prevot and Tardieux (1953) , Seeliger (1953) , and Linzenmeier (1954) believed these diphtheroids may be responsible for certain pathological conditions in man; however, Kassel and Rottino (1955) preparing cultures. "Anaerobic diptheroids" were isolated by Evans et al. (1950) and Pachtman et al. (1954) , in their studies on the flora of the normal skin and in cases of seborrheic dermatitis.
A few reports have appeared in the literature comparing A. bovis with organisms of similar morphology. Meyer and Verges (1950) reported a significant difference in the pathogenicity of A. bovis for mice as compared to "anaerobic diphtheroids." Frank and Skinner (1954) compared the morphology of these diphtheroids with A. bovis and Lactobacillus bifidus and concluded that the diphtheroids were more closely related to A. bovis than to L. bifidus. More recently, Suter (1956) Standardization of inocula. Growth from a 5 day old Brewer's thioglycolate broth culture was drawn up in a pipette, transferred to sterile pended in saline. Two drops of inoculum from each suspension, standardized by nephelometry, were introduced into eac-h tube of culture media.
Carbohydrate fermentations. A comparison of different basal media indicated a semisolid trypticase agar base (no. 151, Baltimore Biological Laboratory) was preferable. This medium was sterilized by autoclaving at 15 lb pressure, 121 C for 20 min. Carbohydrates in 20 per cent concentrations, sterilized separately in the same manner, were added aseptically to this medium, making the final concentration of sugar in each tube 1 per cent. To our knowledge, this medium has not been used previously in studies covering A. bovis or "anaerobic diphtheroids."
Gelatin liquefaction. Nutrient gelatin having been found inadequate to support the growth of the fastidious A. bovis, an enriched medium, Thiogel (no. 293, Baltimore Biological Laboratory), was employed. Although most of the organisms which liquified gelatin did so within 15 days, we kept all of our cultures for 30 days before recording results as negative.
Nitrate and indole tests. To determine nitrate reduction and the presence of indole, a buffered thioglycolate medium described by Douglas and Gunter (1946) In order to verify the validity of this test for the presence of catalase, a more sensitive standard titration method described by Sumner and Somers (1947) was used for measuring catalase activity as follows: The organisms were weighed (wet wt), triturated in a mortar, suspended in a phosphate buffer of pH 6.8, and stored at -20 C until ready for use. Then the suspension was thawed and centrifuged, the supernatant decanted, and the cells resuspended in 1 ml of the same buffer. This was added to 25 ml of 0.01 N H202 held in an ice bath. At 2 min intervals, from 0 to 10 min, 5 ml of this solution were transferred into 5 ml of 2 N H2SO4 to stop the reaction. At the end of 10 min, the H202 in each flask was titrated with 0.005 N KMnO4. If catalase were present, the quantity of H202 decreased with time as indicated by subsequent titrations with KMnO4.
Immunological technique. The organisms used for immunization were grown on brain heart infusion agar, washed off with 0.3 per cent formalized normal saline, shaken with glass beads, and standardized to the density of a no. 3 McFarland nephelometer tube. Rabbits 4 to 6 mo old, previously trial bled and tested, were given an intravenous and intracutaneous inoculation using the following protocol: The animals were given 1 ml intracutaneously every other day for 7 inoculations. On the injection days 0.1 ml was administered intravenously, and this dose was doubled every other day through 7 inoculations. The rabbits were bled 7 to 9 days after the final injection, allowed to rest for 2 weeks, and then given another series of injections in the same manner and bled again 7 to 9 days later. All sera were preserved with Merthiolate in a final concentration of 1:10,000 and stored at 0 to 5 C.
Serological methods. Organisms used as antigens were grown on brain heart infusion agar and harvested in formalized 0.4 per cent saline. Then they were ground in a mortar or a Tembroecke grinder, standardized to the density of a no. 1 McFarland nephelometer tube, and stored at 0 to 5 C. For agglutination studies, serial dilutions of serum from 1:10 to 1:5,120 were prepared.
To each 0.5 ml of diluted serum 0.5 ml of antigen was added. These were then incubated for 4 hr at 55 C, refrigerated overnight, and read the following morning.
RESULTS
As shown in table 1, all organisms studied produced acid without gas. The carbohydrates a£fording a distinction between A. bovis and the Table 2 shows that the A. bovis strains, whether "anaerobic diphtheroids" were xylose, salicin, and of bovine or human origin, differed consistently raffinose. The first 2 sugars distinguish A. bovis from the "anaerobic diphtheroids," C. acnes, L. from all of the other organisms included in this bifidus, and P. freudenreichii in respect to their study.
action on litmus milk and their catalase activity. (Suter, 1956 ) also stresses the value of the catalase reaction in separating these morphologically similar organisms.
Since various investigators discussed the possibility of spontaneous agglutination with A. bovis cultures, we thought it desirable to verify our agglutination reactions with complement fixation tests. The A. bovis antisera prepared against human and bovine strains of A. bovis fixed complement in the presence of their homologous antigens. The ratio of complement fixing antibodies to agglutinating antibodies was approximately 1:5.
SUMMARY
These studies indicate that the "anaerobic diphtheroids" are more closely related to the genus Corynebacterium than to Actinomyces as the latter is interpreted in the 1943 classification of Waksman and Henrici. Although morphological similarities do exist between Actinomyces bovis and the "anaerobic diphtheroids," selected differential criteria such as the catalase test, litmus milk reactions, and the fermentation of xylose, salicin, and raffinose can be used to implement proper identification of Actinomyces bovis.
